Introduction: Agenesis of the gallbladder is a rare congenital anomaly occurring in 13 to 65 people of a population of 100,000. The rarity of the condition, combined with clinical and radiologic features that are indistinguishable from those of more common biliary conditions, means that it is rarely diagnosed preoperatively, and patients undergo unnecessary operative intervention. Case presentation: This case report describes the case of a 79-year-old symptomatic Caucasian man who underwent laparoscopic cholecystectomy for suspected choledocholithiasis despite imaging studies raising suspicion of gallbladder agenesis. Intra-operatively, the diagnosis of gallbladder agenesis and associated common bile duct stones was made. Conclusion: The preoperative diagnosis of this rare condition is difficult to make. However, with advances in biliary tract imaging and with heightened awareness of this anomaly, fewer patients will need to undergo unnecessary operative intervention. The authors review the different imaging modalities available to help diagnose this condition and highlight the importance of being aware of this rare anomaly to avoid an operation that carries a high risk of iatrogenic injury.
Introduction
Isolated agenesis of the gallbladder is a rare congenital anomaly that results from failure of the cystic bud to develop in utero. Since its first description by Lemery in 1701, a number of cases have been published, with a reported incidence of 0.01% to 0.06% [1] . Patients are usually asymptomatic, and the diagnosis is commonly made as an incidental finding during abdominal surgery or at autopsy [2] . It is estimated that 25% to 50% of patients will develop common duct stones at some point, and 23% will eventually become symptomatic, usually in the fourth or fifth decade [3, 4] . Symptoms mimic those of common biliary conditions such as cholecystitis, and routine investigations fail to distinguish between gallbladder agenesis and other conditions such as cholecystitis with cystic duct obstruction or an atrophic gallbladder. Combined with the rarity of the condition, the diagnosis is infrequently made preoperatively, and so the patient undergoes unnecessary operative intervention. Intraoperatively, the risk of iatrogenic injury is higher, and so the associated morbidity of the procedure is greater [5] .
Despite recent advances in biliary tract imaging, the pre-operative diagnosis of gallbladder agenesis remains elusive. Here this case report describes a case of symptomatic gallbladder agenesis with common duct stones diagnosed at laparotomy and discuss the utility of the various imaging modalities that are currently available to attempt to diagnose this condition.
Case presentation
A 79-year-old Caucasian man presented to the clinic with reduced appetite, unintentional weight loss of approximately 6 kg, and a history of fatty food intolerance. He denied any abdominal pain or febrile episodes, and physical examination was unremarkable. Biochemical investigations, however, revealed deranged liverfunction tests with total bilirubin, 66 μmol/L; ALT, 122IU/L; ALP, 274IU/L; and gamma GT, 864IU/L.
An abdominal ultrasound showed a dilated common bile duct (CBD) with stones inside it. The gallbladder was not visualized, but strong echoes with acoustic shadowing were seen, suggesting a contracted gallbladder.
A computed tomography (CT) scan revealed stenosis of the proximal CBD and dilated intra-and extra-hepatic bile ducts. Furthermore, it showed a small pseudocystic structure that was assumed to be a shrunken gallbladder.
The patient proceeded to endoscopic retrograde cholangiopancreatography (ERCP), which showed multiple stones (the largest measuring 1.5 cm) in the CBD, which could not be removed, and so a stent was inserted (see Figure 1 ). The gallbladder was not visualized, but this was thought to be the result of insufficient contrast. A repeated ERCP a few months later was reported as having cleared the CBD of all stones; the stent was removed, but the gallbladder had still not been visualized. As he had developed some intermittent right upper quadrant pain over this time, he was listed for a laparoscopic cholecystectomy for presumed choledocholithiasis.
At laparoscopy, a small fibrous remnant was seen in the gallbladder fossa, but the gallbladder could not be found despite an extensive search of all possible ectopic sites. Conversion to an open procedure and on-table cholangiogram revealed a dilated CBD and confirmed gallbladder agenesis (see Figure 2 ). The CBD was explored, numerous stones removed, and a T-tube was inserted.
Post-operatively, he made an uneventful recovery, and remains symptom free.
Discussion
The liver, gallbladder, and biliary system begin to develop early in the fourth week of intrauterine life as a ventral outgrowth from the caudal part of the foregut. This hepatic diverticulum divides into two parts as it grows, one representing the primordium of the liver, and the other, the primordium of the gallbladder and cystic duct. By the seventh week, vacuolation occurs, and the gallbladder and cystic duct develop a lumen. Failure of this developmental process at any stage results in agenesis of the gallbladder [6] , whereas inappropriate migration of the gallbladder primordium will result in an ectopic gallbladder. Potential sites of ectopic gallbladder are intra-hepatic, left-sided, beneath the posterior inferior surface of liver, between the leaves of the lesser omentum, within the falciform ligament, retroperitoneal, retrohepatic, or in the retropancreatic and retroduodenal areas [7] .
Clinically, three groups of presentation of gallbladder agenesis have been described [1] : (1) asymptomatic (an incidental finding at laparotomy for another reason) (35%), (2) symptomatic (50%), (3) in children with multiple fetal anomalies (such as tetralogy of Fallot and agenesis of the lungs) who die in the perinatal period (15% to 16%).
Symptomatic patients commonly present with right upper quadrant pain, dyspepsia, jaundice, fatty food intolerance, or nausea, but these symptoms are indistinguishable from those of other common biliary tract conditions, making diagnosis difficult. It has previously been suggested that the pathophysiology of symptoms in gallbladder agenesis is similar to that of the post-cholecystectomy syndrome, and it is thought that the causes of pain include biliary dyskinesia and choledocholithiasis [8] . Management options for this symptomatic group include smooth muscle relaxants, and if this fails, sphincterotomy [9] . Importantly, laparotomy is not indicated if this benign condition is diagnosed pre-operatively. Therefore, if it is diagnosed pre-operatively, the patient is spared operative intervention. However, failure of the currently available imaging modalities to differentiate accurately between agenesis of the gallbladder and other biliary diseases, combined with the lack of awareness of this condition, has meant that the majority of patients undergo laparotomy, with its associated morbidity.
In the 1960s, Frey [10] suggested that the diagnosis of agenesis of the gallbladder could be made only at laparotomy after having searched for, and excluded, an ectopic gallbladder in the sites mentioned earlier, after which an intra-operative cholangiogram should be undertaken to confirm the diagnosis. However, the development of different imaging techniques over the years has led people to question the necessity of operative intervention for the diagnosis of this rare condition [11] .
The usual initial investigation for patients presenting with right upper quadrant pain is an abdominal ultrasound. It has been suggested that the absence of the ultrasonographic features of the WES triad (visualization of the gallbladder wall, the echo of the stone, and the acoustic shadow) and the double-arc shadow should raise suspicion of gallbladder agenesis as the diagnosis [2] . However, the limitations of this investigation are well known. It has a reported sensitivity of 95% in diagnosing gallstones but is dependent on many factors, including the operator's experience and the examination conditions. Furthermore, shadowy opacities thought to represent gallstones could actually be due to intestinal gas artefact, periportal tissue, or subhepatic peritoneal folds, leading to false-positive findings [12] . Gallbladder agenesis cannot be reliably differentiated from the shrunken, contracted gallbladder of chronic cholecystitis, and this is the most frequent radiologic report seen in patients later found to have agenesis of the gallbladder. In these cases, it has been suggested that further imaging should be obtained before operative intervention to increase the accuracy of the diagnosis [1, 11] .
Hepatobiliary scintigraphy scans (such as 99m Tc-HIDA) are promising in the diagnosis of various gallbladder anomalies, including agenesis. However, nonvisualization of the gallbladder also typifies cystic duct obstruction secondary to acute cholecystitis, and so symptoms are more often attributed to this condition [13] .
Computed tomography (CT) scanning and ERCP are further techniques that can be used to diagnose agenesis of the gallbladder. In combination with ultrasound, ERCP increases the likelihood of successful diagnosis. However, non-visualization of the gallbladder is commonly attributed to an obstructed cystic duct, anatomic variations, or technical errors (as in our case), and agenesis of the gallbladder is considered the least likely explanation. Recent literature suggests that CT and ERCP are useful postoperative modalities, if gallbladder agenesis is suspected at laparoscopy [11] . In this instance, laparotomy and extensive dissection to look for the missing gallbladder are discouraged, and instead, postoperative imaging is advised [14] .
If gallbladder agenesis is suspected pre-operatively, endoscopic or laparoscopic ultrasound has been shown to be effective in confirming the suspicion [15] . However, these investigations are not currently widely available, thereby limiting their utility. Magnetic resonance cholangiopancreatography (MRCP) is being increasingly used in cases of diagnostic uncertainty to confirm the diagnosis. This test is noninvasive and is not affected by biliary stasis.
A lack of awareness of this condition among surgical, gastroenterologic, and radiologic staff was the main reason for operative intervention in this case, and the subsequent conversion to an open procedure. Despite a suggestive ultrasound, CT, and ERCP, the diagnosis was still not made, and the patient underwent cholecystectomy for presumed gallstones. This highlights the need for greater appreciation of agenesis of the gallbladder as a cause of biliary symptoms, especially when initial radiologic tests suggest an absent gallbladder. A suggested decisional tree for the investigation of suspected gallbladder agenesis has been devised (see Figure 3) in an attempt to identify this rare condition pre-operatively, thereby preventing the unnecessary operative intervention seen in this case.
Conclusion
In conclusion, agenesis of the gallbladder is a rare but well-recognized congenital anomaly, the management of which is conservative. However, clinical and radiologic features mimic those of more common biliary conditions, and so patients frequently undergo unnecessary operative procedures. With the newer minimally invasive radiologic techniques, this situation can largely be avoided if awareness of this condition is improved. Preoperative MRCP should be considered in cases in which ultrasound suggests nonvisualization of the gallbladder, and surgeons should maintain a low threshold for further investigation before any decision to operate. A conservative approach with follow-up imaging is advocated in cases of doubt to avoid unnecessary operations. In cases that are diagnosed at laparoscopy, the author agrees with the other authors that further procedures should be abandoned, and the patient should undergo post-operative investigation with the radiologic modalities already described, to prevent the morbidity of conversion to an open procedure.
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